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57 ABSTRACT

A driving ability reduction determining apparatus comprising
a virtual image display portion, an operation portion, a
response detection portion and a driving ability determination
portion is disclosed. The virtual image display portion emits
a determination-usage display image toward a windshield,
thereby displaying to the driver the determination-usage dis-
play image as a virtual image through the windshield. The
operation portion is operated by the driver when the driver
visually recognizes the determination-usage display image.
The response detection portion detects a response situation of
driver’s operation of the operation portion in response to
display of the determination-usage display image by the vir-
tual image display portion. The driving ability determination
portion determines the driving ability reduction of the driver
based on a detection result of the response detection portion.
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1
DRIVING ABILITY REDUCTION
DETERMINING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The present application is based on and claims priority to
Japanese Patent Application No. 2012-126148 filed on Jun. 1,
2012, disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a driving ability reduction
determining apparatus for highly accurately determining
whether a driving ability of a vehicle’s driver is reduced in
association with awakeness reduction, fatigue, heavy load,
stress or the like of the vehicle’s driver.

BACKGROUND

Conventionally, there is known an apparatus which pro-
vides a visual stimulus to a driver using a LED mounted to a
dashboard of a vehicle or a LED fixed (head-mounted) in
front of the driver and which measures a driver’s driving
ability reduction based on a response result, which is a driv-
er’s button operation in response to the visual stimulus (see,
for example, Non Patent Document 1).

Non Patent Document 1: Gary L. Rupp, Performance Metrics
for Assessing Driver Distraction: The Quest for Improved

Road Safety, SAE International

SUMMARY

According to studies of the inventor of the present appli-
cation, in the technology described in the above Non Patent
Document 1, the head-mounted LED or the on-dashboard
LED generates the visual stimulus at a very closer position
than vehicles, people, and traffic lights in a three-dimensional
space does. Thus, when the driver checks the visual stimulus
generated by the head-mounted LED or the on-dashboard
LED, the driver needs to largely move the line of sight to his
near side from a state of watching a scene ahead of the
vehicle. This may worsen safety during vehicle traveling.

The present disclosure is made in view of this kind of
problem and has an object to provide a technology that can
determine a driver’s driving ability reduction without wors-
ening the safety during vehicle traveling.

A driving ability reduction determining apparatus accord-
ing to one example of the present disclosure comprises a
virtual image display portion, an operation portion, a
response detection portion and a driving ability determination
portion. The virtual image display portion emits a determina-
tion-usage display image, which is preset for determining
driving ability reduction of a driver of a vehicle, toward a
windshield arranged ahead of the driver, thereby displaying to
the driver the determination-usage display image as a virtual
image through the windshield. The operation portion is oper-
ated by the driver when the driver visually recognizes the
determination-usage display image. The response detection
portion detects a response situation of driver’s operation of
the operation portion in response to display of the determi-
nation-usage display image by the virtual image display por-
tion. The driving ability determination portion determines the
driving ability reduction of the driver based on a detection
result of the response detection portion

According to the above-configured driving ability reduc-
tion determining apparatus, since the determination-usage
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display image is displayed as the virtual image through the
windshield, the driver visually recognizes the determination-
usage display image over a real scene ahead of the vehicle.
Therefore, the driver watching a road situation ahead of the
vehicle through the windshield can do an action of operating
the operation portion in response to the determination-usage
display image, without largely moving his line of sight.
Accordingly, the driving ability reduction determining appa-
ratus can determine the driver’s driving ability reduction
without worsening the safety during vehicle traveling.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a block diagram illustrating a configuration of a
driving ability reduction determining apparatus;

FIG. 2 is a diagram illustrating a virtual image viewed
through a windshield toward a vehicle front;

FIG. 3 is a flowchart illustrating a first half of a driving
ability reduction determination process;

FIG. 4 is a flowchart illustrating a latter half of the driving
ability reduction determination process;

FIG. 5 is a diagram illustrating transition to a situation in
which there is a vehicle ahead of an own vehicle traveling a
straight road;

FIG. 6 is a diagram illustrating how to notify stop of mea-
surement; and

FIG. 7 is a diagram illustrating dividing a three dimen-
sional space ahead of a vehicle.

DETAILED DESCRIPTION

A first embodiment of the present disclosure will be
described with reference to the drawings.

A driving ability reduction determining apparatus 1 of the
present disclosure is mounted to a vehicle and measures the
driving ability reduction occurring in association with awake-
ness reduction, fatigue, heavy load, stress or the like of the
driver. As shown in FIG. 1, the driving ability reduction
determining apparatus 1 includes a camera 2, a head up dis-
play device (also referred to hereinafter as a HUD device) 3,
a GPS (Global Positioning System) receiver 4, a road data-
base 5, a radar device 6, a measurement-usage button 7, a
speech output device 8 and a controller 9.

The camera 2 successively photographs a scene ahead of a
vehicle equipped with the driving ability reduction determin-
ing apparatus 1 (also referred to hereinafter as an own
vehicle).

The HUD device 3 emits a display light, which is for
display of an image, from a lower side of a windshield WS
(see FIG. 2) toward the windshield WS. Because of this, the
driver visually recognizes a projected virtual image over the
actual scene ahead of the vehicle (see FIG. 2 for virtual image
VI).

The GPS receiver 4 receives a transmitted radio wave from
GPS satellites to detect a position coordinate of the vehicle.

The road database 5 stores road data representing position
coordinates of roads in a predetermined region (e.g., whole
U.S. area).

The radar device 6 transmits a radar wave forward from the
vehicle and receives the reflected radar wave, thereby detect-
ing a distance to a preceding vehicle.
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The measurement-usage button 7 is provided on a steering
ST of'the vehicle (see FIG. 2) and is to be pressed down by the
driver in driving ability reduction measurement.

The speech output device 8 is provided in a vehicle com-
partment and notifies various informations to the occupant of
the vehicle in the form of speech.

The controller 9 includes a microcomputer with a CPU, a
ROM, a RAM, an I/O, a bus line connecting these compo-
nents, and the like. The controller 9 controls the HUD device
3 and the speech output device 8 by performing various pro-
cesses based on inputs from the camera 2, the GPS receiver 4,
the road database 5, the radar device 6 and the measurement-
usage button 7.

A procedure of driving ability reduction determination
process performed by the controller 9 of the above-configured
driving ability reduction determining apparatus 1 will be
described with reference to FIG. 3 and FIG. 4. The controller
9 in operation repeatedly performs this driving ability reduc-
tion determination process.

Upon starting the driving ability reduction determination
process, the controller 9 in S10 determines whether or not a
preset measurement start time (e.g., 30 minutes in the present
embodiment) has elapsed since the own vehicle started trav-
eling. When the preset measurement start time has not
elapsed since the start of traveling (S10: NO), the driving
ability reduction determination process is once ended. When
the preset measurement start time has elapsed since the start
of traveling (S10: YES), the controller 9 in S20 determines
whether or not a response score (described later) has been
calculated already.

When the response score has been calculated already (S20:
YES), the driving ability reduction determination process is
once ended. When the response score has not been calculated,
the controller 9 in S30 determines both whether or not a road
on which the vehicle is traveling is straight and whether or not
this straight state continues for a preset measurement start
determination distance (e.g., 2000 meters in the present
embodiment), based on the present position of the own
vehicle detected with the GPS receiver 4 and the road data
stored in the road database 5. In the below, the above deter-
mination in S30 is also described as a determination of
whether or not the straight road continues for the measure-
ment start determination distance.

When the straight road does not continue for the measure-
ment start determination distance (S30: NO), the controller 9
repeats S30, thereby waiting for a straight road continuing for
the measurement start determination distance or more. When
here is the straight road continuing for the measurement start
determination distance or more (S30: YES), the controller 9 in
S40 determines whether or not another vehicle is present
around the own vehicle, based on an image processing result
of the image photographed by the camera 2 and a detection
result of the radar device 6. For example, when the situation is
changed from the absence of a vehicle ahead of the own
vehicle to the presence of a vehicle ahead of the own vehicle
traveling on the straight road (see FIG. 5), it is determined that
another vehicle is present around the own vehicle.

When another vehicle is present around the own vehicle
(S40: YES), the controller 9 proceeds to S30 to repeat the
above processing. When another vehicle is not present around
the own vehicle (S40: NO), the controller 9 in S50 causes the
HUD device 3 to output the display for inquiring the driver
about permission to start the measurement of the driving
ability reduction and causes the speech output device 8 to
output the speech for inquiring the driver about permission to
start the measurement of the driving ability reduction.
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Thereafter, in S60, the controller 9 determines whether or
not the measurement-usage button 7 is pressed down. When
the measurement-usage button 7 is not pressed down (S60:
NO), the controller 9 in S70 determines whether or not a
preset pressing-down determination time (e.g., 10 seconds in
the present embodiment) has elapsed since S50 was per-
formed (i.e., since the inquiry about the start of measurement
was made). When the pressing-down determination time has
not elapsed (S70: NO), the controller 9 proceeds to S60 to
repeat the above processing. When the pressing-down deter-
mination time has elapsed (S70: YES), the controller 9 pro-
ceeds to S30 to repeat the above processing.

When the measurement-usage button 7 is pressed down
(S60: YES), the controller 9 in S80 causes the HUD device 3
to output the display indicative of the start of the measure-
ment of driving ability reduction and causes the sound output
device 8 to output the speech indicative of the start of the
measurement of driving ability reduction. Thereafter, in S90,
the controller 9 prohibits the sound output from an audio
device (not shown) mounted to the own vehicle vehicle.

In S100, based on the road data stored in the road database
5, the controller 9 determines shape of the road ahead of the
own vehicle and causes the HUD device 3 to display an virtual
image, which is a computer graphic (CG) representing a car,
a pedestrian, a bicycle, a traffic sign or the like (also referred
to hereinafter as visual stimulus image), so that the driver can
visually recognize the virtual image at a position correspond-
ing to the real road. For example, the visual stimulus image of
a pedestrian or a bicycle is displayed over the real scene, so
that the driver can visually recognize that the visual stimulus
image of a pedestrian or a bicycle is at a position in the road
where the car is not permitted to travel (see FIG. 2 for virtual
image VI1). The visual stimulus image of a car is displayed
over the real scene, so that the driver can visually recognize
that the visual stimulus image of a car is at a position in a
driveway ahead of the own vehicle.

Thereafter, in S110, the controller 9 determines whether or
not the measurement-usage button 7 is pressed down. When
the measurement-usage button 7 is not pressed down (S110:
NO), the controller 9 in S120 determines whether or not a
preset response determination time (e.g., 2 seconds in the
present embodiment) has elapsed since S100 was performed
(i.e., since the visual stimulus image was displayed). When
the response determination time has not elapsed (S120: NO),
the controller 9 proceeds to S100 to repeat the above-process-
ing. When the response determination time has elapsed
(S120: YES), the controller 9 in S130 increments a missing
counting counter, which indicates the number of times the
response is missing. The controller 9 proceeds to S150.

When the measurement-usage button 7 is pressed down
(S110: YES), the controller 9 in S140 calculates, as aresponse
time, an elapsed time from when S100 was performed (i.e.,
when the visual stimulus image was displayed) to when the
measurement-usage button 7 was pressed. Additionally, the
controller 9 increments a calculation counting counter, which
indicates the number of times the response time is calculated.
Thereafter, the controller 9 proceeds to S150.

In S150, the controller 9 increments a measurement count-
ing counter, which indicates the number of times the reaction
time is measured. Thereafter, in S160, the controller 9 deter-
mines whether or not the straight road continues for the preset
measurement start determination distance, in the same man-
ner as in S130. When the straight road does not continue for
the preset measurement start determination distance (S160:
NO), the controller 9 proceeds to S210. When the straight
road continues for the preset measurement start determina-
tion distance (S160: YES), the controller 9 in S170 deter-
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mines whether or not another vehicle is present vehicle
around the own vehicle, in the same manner as in S40.

When another vehicle is present around the own vehicle
(8170: YES), the process proceeds to S210. When no vehicle
is present around the own vehicle (S170: NO), the controller
9 in S180 determines whether or not value of the measure-
ment counting counter (also referred to hereinafter as a mea-
surement count) is greater than or equal to a preset end deter-
mination count (for example, 50 in the present embodiment).

When the measurement count is less than the end determi-
nation count (S180: NO), the controller 9 proceeds to S100 to
repeat the above-processing. When the measurement count is
greater than or equal to the end determination count (S180:
YES), the controller 9 in S181 releases the prohibition of the
speech output from the audio device mounted to the vehicle.
In S182, the controller 9 causes the speech output device 8 to
output the speech indicative of the end of the driving ability
reduction measurement. In S183, the controller 9 causes the
HD display device 3 to execute the display indicative of the
end of the driving ability reduction measurement. Thereafter,
in S190, the controller 9 calculates a response score. The
response score includes an average of reaction times (also
referred to hereinafter as a reaction time average) and a reac-
tion missing ratio. The reaction time average is calculated by
dividing a total sum of the reaction time calculated in S140 by
the value of the calculation counting counter. The reaction
missing ratio is calculated by dividing the value of the missing
counting counter by the value of the measurement counting
counter.

Thereafter, in S200, the controller 9 resets the measure-
ment counting counter, the calculation counting counter and
the missing counting counter (i.e., sets the values of the
counters to zero), and proceeds to S270.

Upon proceeding to S210, the controller 9 release the pro-
hibition (S90) of the speech output of the audio device
mounted to the vehicle. In S220, the controller 9 causes the
speech output device 8 to outputs the speech indicative of the
stop of the driving ability reduction measurement (see FI1G. 6
for speech VO1). In S230, the controller 9 causes the HUD
device 3 to execute the display indicative of the stop of the
driving ability reduction measurement (see FI1G. 6 for virtual
image VI2). In S230, in the case of the stop of the measure-
ment because of the presence of another vehicle around the
own vehicle, the controller 9 causes the HUD device 3 to
provide the display highlighting the area where this another
vehicle is present (see FIG. 6 for virtual image VI3).

In S240, the controller 9 calculates the response score in
the same manner as in S190. Additionally, in S250, the con-
troller 9 corrects the response score calculated in S240, in
accordance with the value of the measurement counting
counter (measurement count). Specifically, the controller 9
multiplies the reaction time average by a correction factor that
depends on the measurement count, thereby regarding this
multiplication result value as a response time average of the
response score. In this connection, when the measurement
count is less than 20, the present embodiment assumes no
response score. When the measurement count is between 20
inclusive and 29 inclusive, the correction factoris 1.15. When
the measurement count is between 30 inclusive and 39 inclu-
sive, the correction factor is 1.10. When the measurement
count is between 40 inclusive and 49 inclusive, the correction
factor is 1.05.

Thereafter, in S260, the controller 9 resets the measure-
ment counting counter, the calculation counting counter and
the missing counting counter (i.e., sets the values of the
counters to zero), and the controller 9 proceeds to S270.
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Upon proceeding to S270, the controller 9 determines
whether or not the response score has been calculated in S190
or S240. When thee response score has not been calculated
(S270: NO), the driving ability reduction determination pro-
cess is once ended. When the response score has been calcu-
lated (S270: YES), the controller 9 in S280 determines
whether or not the response score is equivalent to a reference
score. In this regard, the reference score is a response score
that was preliminarily measured when a driver is in a neutral
state.

When the response score is equivalent to the reference
score (S280: YES), the driving ability reduction determina-
tion process is once ended. When the response score is not
equivalent to the reference score (S280: NO), the controller 9
in S290 causes the speech output device 8 to output the speech
prompting taking a rest, and the driving ability reduction
determination process is once ended.

In the above-configured driving ability reduction deter-
mining apparatus 1, the HUD device 3 emits a visual stimulus
image, which is a preset image for determining the driver’s
driving ability reduction, toward the windshield WS arranged
in front of the driver of the vehicle. Thereby, the HUD device
displays to the driver the visual stimulus image as a virtual
image through the windshield WS. When the driver visually
recognizes the visual stimulus image, the measurement-us-
age button 7 is operated by the driver when the driver the
visually recognizes the visual stimulus image. Then, the
response score, which includes the response time average and
the response missing ratio when the driver operates the mea-
surement-usage button 7 in response to the visual stimulus
image displayed by the HUD device 3, are calculated (S100 to
S260). Based on the response score, the driver’s driving abil-
ity reduction is calculated (S280).

In the above-configured driving ability reduction deter-
mining apparatus 1, since the visual stimulus image is dis-
played as the virtual image through the windshield WS, the
driver visually recognizes the visual stimulus image over the
real scene ahead of the vehicle. Therefore, the driver watching
the road situation ahead of the vehicle through the windshield
WS can do an action of operating the measurement-usage
button 7 in response to the visual stimulus image, without
largely moving his line of sight. Accordingly, the driving
ability reduction determining apparatus 1 can determine the
driver’s driving ability reduction without worsening the
safety during vehicle traveling.

The visual stimulus image may be an image representing a
vehicle, a person, or a bicycle. When the visual stimulus
image is a vehicle, the HUD device 3 displays the visual
stimulus image, so that the visual stimulus image is posi-
tioned in an area (i.e., driveway) where the vehicle is permit-
ted to travel. When the visual stimulus image is a bicycle, the
visual stimulus image is displayed, so that the visual stimulus
image is positioned in an area (e.g., sidewalk, a road shoulder)
where the bicycle is permitted to travel. When the visual
stimulus image is a pedestrian, the visual stimulus image is
displayed, so that the visual stimulus image is positioned in an
area (e.g., sidewalk, a road shoulder) where the pedestrian is
permitted to walk. Accordingly, the calculated response
becomes directed to an expected situation where the vehicle,
the person or the bicycle actually appears, and therefore, it
becomes possible to estimate the ability to identify real risks.

Additionally, it is determined whether or not the straight
road continues for the measurement start determination dis-
tance (S30, S160), based on the present position of the own
vehicle detected with the GPS receiver 4 and the road data
stored in the road database 5. When the straight road does not
continue for the measurement start determination distance
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(830, S160), the determining of the driver’s driving ability
reduction is prohibited. In this way, a road environmental
change during determining the driver’s driving ability reduc-
tion can be restricted within a certain level. A variation in
driving ability reduction determination result due to road
situations can be minimized.

Additionally, it is determined whether or not there is
another vehicle around the own vehicle (S40, S170), based on
an image processing result of the image photographed with
the camera 2 and a detection result of the radar device 6. When
another vehicle is present around the own vehicle (5S40, S170:
YES), the determining of the driver’s driving ability reduc-
tion is prohibited. In this way, the safety in determining the
driver’s driving ability reduction during the vehicle traveling
is secured.

Additionally, while the driver’s driving ability reduction is
being determined during the vehicle traveling, the audio
device mounted to the own vehicle is prohibited from output-
ting the speech (S90). In this way, a compartment environ-
mental change during determining the driver’s driving ability
reduction can be restricted within a certain level. A variation
in driving ability reduction determination result due to factors
in the vehicle compartment can be minimized.

In the above-illustrated embodiments, the HUD device 3
can correspond to an example of virtual image display portion
or virtual image display means. The measurement-usage but-
ton 7 can correspond to an example of operation portion or
operation means. Processing S100 to S260 performed by the
controller 9 can correspond to an example of response detec-
tion portion and response detection means. Processing S280
performed by the controller 9 can correspond to an example
of driving ability reduction determination portion and driving
ability reduction determination means. The visual stimulus
image can correspond to an example of a determination-
usage display image. The response score can correspond to an
example of response situation.

The camera 2, the GPS receiver 4, the road database 5 or the
radar device 6 can correspond to an example of road situation
detection portion and road situation detection means. Pro-
cessing S30, S40, S160, S170 performed by the controller 9
can correspond to an example of determination prohibition
portion or determination prohibition means. A determination
condition in S30, S40, S160, S170 can correspond to an
example of determination prohibition condition. Processing
S90 performed by the controller 9 can correspond to an
example of notification prohibition portion and notification
prohibition means.

In the above, one embodiment of the present disclosure is
illustrated. However, embodiments of the present disclosure
are not limited to the above-illustrated embodiment and can
have various forms.

For example, in the above embodiment, the computer
graphic (CG) of car, pedestrian, bicycle, traffic sign or the like
is displayed as the visual stimulus image. However, a geo-
metric figure such as circle or rectangle may be displayed as
the visual stimulus image. Since the geometric figure has
constant brightness, size and contrast, it becomes possible to
measure the driver’s driving ability reduction under situations
where a variation in visual stimulus is minimized.

In the above embodiment, while the driver’s driving ability
reduction is being determined, the speech output of the audio
device mounted to the own vehicle is prohibited. Addition-
ally, an image display of an image display device (for
example, a navigation device having a map display screen)
may be prohibited.
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In the above embodiment, it is determined whether or not
the driving ability is reduced. However, a degree of driving
ability reduction may be determined.

In the above embodiment, a road situation around the
vehicle is detected with the camera 2, the GPS receiver 4, the
road database 5 and the radar device 6. However, a road
situation around the vehicle is detected with LIDER and
VICS (registered trademark).

In the above embodiment, the speech for prompting taking
a rest is outputted when it is determined that the driver’s
driving ability is reduced. However, a message for prompting
operation of a massager arranged in a driver’s seat ma be
outputted, or, a notification is transmitted to a management
center.

In the above embodiment, the response score is calculated.
This response score may be displayed on an in-vehicle moni-
tor for enabling a temporal change to be monitored. This
makes it possible to monitor a driving ability decline with
time. The response score result may be transmitted to a data
center or a privately-owned portable terminal to enable a
temporal change to be monitored. This makes it possible to
monitor a decline with age, like physical checkups.

Additionally, a three dimensional space ahead of the
vehicle may be divided (for example, into {right, center,
left}x{near side, middle, far side} as shown in FIG. 7). For
each divided space, the response score may be calculated. For
each type of CG including car, pedestrian, bicycle, traffic sign
and the like, the response score may be calculated. This
makes it possible to determine the driver’s state in a more
detailed way.

From the image photographed with the camera 2, an image
area with high brightness (e.g., neon, electric light) may be
recognized, so that the visual stimulus is not positioned in this
bright area. This removes an influence of ambient light and
makes the contrast of the visual stimulus image constant,
thereby enabling the measurement of the driving ability
reduction under situations where a visual stimulus variation is
minimized.

In the above, embodiments and configurations of the
present disclosure are illustrated. However, embodiments and
configurations of the present disclosure are not limited to the
above-illustrated embodiments and configurations. Embodi-
ments and configurations obtained by appropriately combin-
ing technical portions disclosed in different embodiments and
configurations are also included in embodiments and con-
figurations of the present disclosure.

What is claimed is:

1. A driving ability reduction determining apparatus com-

prising:

head-up display device that emits a determination-usage
display image, which is preset for determining driving
ability reduction of a driver of a vehicle, toward a wind-
shield arranged ahead of the driver, and that displays to
the driver the determination-usage display image as a
virtual image through the windshield in a manner that
the driver visually recognizes the determination-usage
display image over an actual scene ahead of the vehicle;
and

an operation portion that is operated by the driver when the
driver visually recognizes the determination-usage dis-
play image;

a response detection portion that detects a response situa-
tion of the driver’s operation of the operation portion in
response to display of the determination-usage display
image by the head-up display device;
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a driving ability determination portion that determines a
degree of'the driving ability reduction of the driver based
on a detection result of the response detection portion;
and

a controller that calculates a response score based on the
detection result of the response detection portion,
wherein

athree dimensional space ahead of the vehicle is divided in
both a left-to-right direction and a near-to-far direction,
and

the controller calculates a response score for each divided
space ahead of the vehicle.

2. The driving ability reduction determining apparatus

according to claim 1, wherein:

the determination-usage display image is an image repre-
senting at least one of another vehicle, a pedestrian, and
a bicycle, each of which when displayed to the driver is
displayed at a position over the actual scene where the at
least one of the another vehicle, the pedestrian, and the
bicycle would be found in actuality;

when the determination-usage display image represents
the another vehicle or the bicycle, the head-up display
device displays the determination-usage display image
so that in the actual scene ahead of the vehicle, the
determination-usage display image is positioned in an
area where the another vehicle or the bicycle is permitted
to travel; and

when the determination-usage display image represents
the pedestrian, the head-up display device displays the
determination-usage display image so that in the actual
scene ahead of the vehicle, the determination-usage dis-
play image is positioned in an area where the pedestrian
is permitted to walk.

3. The driving ability reduction determining apparatus

according to claim 1, wherein:

the determination-usage display image is a geometric fig-
ure.

4. The driving ability reduction determining apparatus

according to claim 1, further comprising:

a road situation detection portion that detects a road situa-
tion around the vehicle; and

a determination prohibition portion that determines
whether or not a determination prohibition condition,
which is preset to indicate the road situation unsuitable
for determining the driving ability reduction of the
driver, is satisfied based on the road situation detected by
the road situation detection portion, wherein

when the determination prohibition condition is satisfied,
the determination prohibition portion prohibits the driv-
ing ability determination portion from determining the
driving ability reduction of the driver.

5. The driving ability reduction determining apparatus

according to claim 1, further comprising:

a notification prohibition portion that, while the driving
ability determination portion is determining the driving
ability reduction of the driver, prohibits at least one of:
speech output of a speech output device arranged in a
compartment of the vehicle; and image display of an
image display device arranged in the compartment of the
vehicle.

6. The driving ability reduction determining apparatus

according to claim 2, wherein:

the controller calculates the response score for each type of
the determination-usage display image, including the
another vehicle, the bicycle, the pedestrian, and a traffic
sign.
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7. The driving ability reduction determining apparatus
according to claim 2, wherein:
when the determination-usage display image represents
the bicycle or the pedestrian, the determination-usage
display image is positioned over the actual scene where
a road shoulder or sidewalk is present in actuality.
8. The driving ability reduction determining apparatus
according to claim 2, wherein:
when the determination-usage display image represents
the another vehicle, the determination-usage display
image is positioned over the actual scene where a drive-
way is present in actuality.
9. A driving ability reduction determining method, com-
prising:
emitting a determination-usage display image, which is
preset for determining driving ability reduction of a
driver of a vehicle, toward a windshield arranged ahead
of the driver via a head-up display, displaying to the
driver the determination-usage display image as a virtual
image through the windshield in a manner that the driver
visually recognizes the determination-usage display
image over an actual scene ahead of the vehicle;
detecting a response signal indicating that the driver
presses a measurement-usage button upon visually rec-
ognizing the determination-usage display image;
based on a time of display of the determination-usage
display image and a time of detection of the response
signal, calculating
(1) a response time, which is an elapsed time from the
time of the display of the determination-usage display
image to a time of driver’s pressing of the measure-
ment-usage button, or
(ii) a reaction missing count, which is a number of times
the measurement-usage button is not pressed by the
driver within a preset response determination time
from the display of the determination-usage display
image;
outputting a degree of the driving ability reduction of the
driver based on the calculated response time or the cal-
culated reaction missing count; and
calculating a response score based on the detecting of the
response signal, wherein
a three dimensional space ahead of the vehicle is divided in
both a left-to-right direction and a near-to-far direction,
and
calculating the response score includes calculating a
response score for each divided space ahead of the
vehicle.
10. The driving ability reduction determining method
according to claim 9, wherein:
an image representing at least one of another vehicle, a
pedestrian, and a bicycle is displayed as the determina-
tion-usage display image via the head-up display, each
of which when displayed to the driver is displayed at a
position over the actual scene where the at least one of
the another vehicle, the pedestrian, and the bicycle
would be found in actuality;
the determination-usage display image representing the
another vehicle or the bicycle is displayed so that in the
actual scene ahead of the vehicle, the determination-
usage display image is positioned in an area where the
another vehicle or the bicycle are permitted to travel; and
the determination-usage display image representing the
pedestrian is displayed, so that in the actual scene ahead
of the vehicle, the determination-usage display image is
positioned in an area where the pedestrian is permitted to
walk.
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11. The driving ability reduction determining method
according to claim 10, wherein:

calculating the response score includes calculating a

response score for each type of the determination-usage
display image, including the another vehicle, the
bicycle, the pedestrian, and a traffic sign.

12. The driving ability reduction determining method
according to claim 10, wherein:

when the determination-usage display image represents

the bicycle or the pedestrian, the determination-usage
display image is positioned over the actual scene where
a road shoulder or sidewalk is present in actuality.

13. The driving ability reduction determining method
according to claim 10, wherein:

when the determination-usage display image represents

the another vehicle, the determination-usage display
image is positioned over the actual scene where a drive-
way is present in actuality.

14. The driving ability reduction determining method
according to claim 9, wherein:

the determination-usage display image is displayed as a

geometric figure.
15. A non-transitory computer readable storage medium
storing a computer-executable program that causes a driving
ability reduction determining apparatus to perform the
method recited in claim 9.
16. The driving ability reduction determining method
according to claim 9, further comprising:
detecting a road situation around the vehicle;
determining whether or not a determination prohibition
condition, which is preset to indicate the road situation
unsuitable for determining the driving ability reduction
of the driver, is satisfied based on the road situation
detected by the road situation detection portion; and

when the determination prohibition condition is satisfied,
prohibiting the determining the driving ability reduction
of the driver.

17. A driving ability reduction determining apparatus com-
prising:

head-up display device that emits a determination-usage

display image, which is preset for determining driving
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ability reduction of a driver of a vehicle, toward a wind-
shield arranged ahead of the driver, and that displays to
the driver the determination-usage display image as a
virtual image through the windshield in a manner that
the driver visually recognizes the determination-usage
display image over an actual scene ahead of the vehicle;

an operation portion that is operated by the driver when the
driver visually recognizes the determination-usage dis-
play image;

a response detection portion that detects a response situa-
tion of driver’s operation of the operation portion in
response to display of the determination-usage display
image by the head-up display device;

a controller that calculates a response score based on the
detection result of the response detection portion; and

a driving ability determination portion that determines a
degree of'the driving ability reduction of the driver based
on the calculated response score, wherein

the determination-usage display image is an image repre-
senting at least one of another vehicle, a pedestrian, and
a bicycle, each of which when displayed to the driver
would be displayed at a position over the actual scene
where the at least one of the another vehicle, the person
and the bicycle would be found in actuality;

when the determination-usage display image represents
the another vehicle or the bicycle, the head-up display
device displays the determination-usage display image
so that the in actual scene ahead of the vehicle, the
determination-usage display image is positioned in an
area where the car or the bicycle is permitted to travel;

when the determination-usage display image represents
the pedestrian, the head-up display device displays the
determination-usage display image so that in the actual
scene ahead of the vehicle, the determination-usage dis-
play image is positioned in an area where the pedestrian
is permitted to walk; and

the controller calculates the response score for each type of
the determination-usage display image, including the
another vehicle, the bicycle, the pedestrian, and a traffic

sign.



